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A critical role of the Gbg dimer in heterotrimeric
G-protein signaling is to facilitate the engagement
and activation of the Ga subunit by cell-surface G-
protein-coupled receptors. However, high-resolution
structural information of the connectivity between
receptor and the Gbg dimer has not previously
been available. Here, we describe the structural de-
terminants of Gb1g2 in complex with a C-terminal re-
gion of the parathyroid hormone receptor-1 (PTH1R)
as obtained by X-ray crystallography. The structure
reveals that several critical residues within PTH1R
contact only Gb residues located within the outer
edge of WD1- and WD7-repeat segments of the Gb
toroid structure. These regions encompass a pre-
dicted membrane-facing region of Gb thought to
be oriented in a fashion that is accessible to the
membrane-spanning receptor. Mutation of key re-
ceptor contact residues on Gb1 leads to a selective
loss of function in receptor/heterotrimer coupling
while preserving Gb1g2 activation of the effector
phospholipase-C b.
INTRODUCTION
Heterotrimeric G proteins, composed of Ga, Gb, and Gg sub-
units, transmit information from extracellular cues to a vast array
of intracellular signal-transduction cascades and thereby regu-
late a variety of cellular functions (McCudden et al., 2005;
Wettschureck and Offermanns, 2005). Heterotrimeric G proteins
are activated by cell-surface-spanning, G-protein-coupled re-
ceptors (GPCRs), which catalyze the exchange of GTP for GDP
on Ga to initiate signal propagation. While activated, GTP-bound
Ga regulates a number of downstream effectors and governs
signal duration by possessing the GTPase activity required for
signal termination; the Gbg subunit freed from Ga also modulates
many signaling proteins (McCudden et al., 2005; Wettschureck
and Offermanns, 2005). Additionally, the Gbg subunit is indis-
pensable to receptor-mediated activation of heterotrimeric G
proteins (Fung, 1983). Increasing evidence also suggests a direct
role of the Gbg subunit in the activation process per se (Johnston
and Siderovski, 2007b; Johnston et al., 2005; Rondard et al.,
2001; Van Eps et al., 2006), leading to a model in which the recep-
ET
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tilt Gbg relative to Ga, which subsequently ‘‘levers’’ open a feasi-
ble route for the release of GDP from Ga. Moreover, a sequential-
fit model has been proposed for the coupling of Gabg to receptor
that suggests that receptor/Gbg contacts govern the primary and
necessary event leading to subsequent receptor/Ga binding and
Ga activation (Herrmann et al., 2004). However, precise molecu-
lar determinants for Gabg coupling to receptor as well as the
mechanism of receptor-mediated activation of heterotrimer
remain poorly defined and are thus subject to much speculation
(reviewed in Johnston and Siderovski, 2007a).
We recently determined the structure of Gai1 bound to a spe-
cific region of the third intracellular (ic3) loop of the D2-dopamine
receptor, providing high-resolution structural determinants of
a receptor/Ga contact site and highlighting a role of the Ga b6
strand in nucleotide exchange (Johnston and Siderovski,
2007b). Several studies have reported that Gbg also interacts di-
rectly with the ic3 loop of certain receptors (Mahon et al., 2006;
Taylor et al., 1996; Wu et al., 2000). As the ic3 loop also interacts
with Ga, a coincident interaction with Gbg could possibly occur
through separate protomers of a receptor dimer (Johnston and
Siderovski, 2007a). Unfortunately, many studies investigating
the Gbg/ic3 loop interaction have used receptors with large ic3
regions (100 amino acids), affording limited detail on the pre-
cise residues involved in binding Gbg (Wu et al., 1998, 2000).
More recently, however, a report investigating the interaction
of Gbg with the parathyroid hormone receptor-1 (PTH1R) de-
scribed a minimal interaction domain within its C-terminal region
that is essential for PTH1R-mediated signaling through several
Ga subfamilies, suggesting that diverse Ga subunits can use
a common receptor/Gbg interaction as the basis for receptor
coupling and activation (Mahon et al., 2006).
To gain insight into the structural determinants of this recep-
tor/Gbg connectivity, we solved the crystal structure of Gb1g2
bound to a C-terminal region of PTH1R. The structure has high-
lighted a specific receptor/Gb contact surface that involves
the WD1- and WD7-repeat segments of Gb1, both of which are
predicted membrane-proximal regions previously implicated in
receptor coupling.
RESULTS
High-Affinity Interaction between Gb1g2 and the PTH1R
C Terminus
We first confirmed the high-affinity Gbg/PTH1 receptor C-termi-
nal-tail interaction (Mahon et al., 2006) by using quantitative
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Structure of the PTH1R C Terminus Bound to Gb1g2surface plasmon resonance (SPR) binding analysis. Biotinylated
PTH1R C-tail peptide was coupled to a streptavidin SPR sensor;
injection of purified, recombinant Gb1g2 dimer over this surface
resulted in a specific, robust interaction with an apparent disso-
ciation constant (KD) of 109 ± 4 nM (Figure 1), confirming a direct
interaction between Gb1g2 and the C-terminal tail of the PTH1
receptor. The high-affinity nature of this interaction supports a
proposed model suggesting that a receptor/Gbg interaction
represents the initial step in proper G-protein coupling to
receptor (Herrmann et al., 2004).
Crystal Structure of the Gb1g2/PTH1R C-Tail Complex
We next determined the molecular basis for this interaction by
using X-ray crystallography. A complete diffraction pattern
data set was collected on a single crystal containing a complex
between nonlipidated Gb1g2 and the PTH1R C-tail peptide and
refined to 3.0 A˚ Bragg diffraction (Table 1). The overall structure
of the complex (Figure 2A) reveals an 8-residue span of the
receptor C tail (W474–L481) bound to the ‘‘top’’ of the Gb toroid
and engaging residues within the WD1 and WD7 repeats. This
surface of Gb is predicted to face the plasma membrane in the
proposed receptor-bound conformation of the heterotrimer, an
orientation that would allow access to the intracellular surface
of a membrane-bound GPCR (Hamm, 2001). Previous studies
have implicated this general region of Gb in the interaction of
Gbg with receptors (Hou et al., 2001; Taylor et al., 1996; Wu
et al., 1998). Notably, no PTH1R peptide contacts were identified
with the Gg subunit. Suitable electron density was found for Gg
extending to arginine-62, which is five amino acids short of the
isoprenylated CAAX box at the Gg C terminus (68CAIL71 in
wild-type Gg2; 68SAIL71 in the CAAX-box mutant Gg2(C68S)
used in this study). Previous reports have indicated that direct re-
ceptor contacts with the C terminus of Gg are critical to receptor/
G-protein signaling and may confer a level of specificity to the in-
teraction as well as participate in the nucleotide exchange pro-
cess induced by receptor/Gbg interactions (Azpiazu and Gau-
tam, 2001; Hou et al., 2000; Kisselev and Downs, 2003). Given
Figure 1. Direct Binding of Gb1g2 to the PTH1R C-Terminal Tail
Peptide
Purified Gb1g2 protein at indicated concentrations was injected over a strepta-
vidin SPR biosensor surface, previously coated with biotin-PTH1R peptide
(aa 466–487), to determine the interaction affinity (KD of 109 ± 4 nM). Binding
to a negative control peptide surface of similar density was subtracted from
each sensorgram as described in Experimental Procedures.
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ment with the receptor, these previously described receptor/
Gg interactions likely involve a region of the receptor distinct
from the sequence encompassed by the PTH1R peptide.
The most notable of the specific contacts made between Gb
and the PTH1R C-tail peptide (Figures 2B and 3) are two trypto-
phan residues: Trp-474 of PTH1R makes a probable p-cation in-
teraction with Arg-52 of Gb1 and additional interactions with Arg-
49 and Thr-50 of Gb1; Trp-477 of PTH1R makes several van der
Waals contacts with Trp-339 and Lys-337 of Gb1 and additional
interactions with Thr-47 and Gly-310 of Gb1. Our results are con-
gruent with the original finding of this Gbg/PTH1R interaction,
which also reported the critical involvement of these 2 tryptophan
residues (Mahon et al., 2006). Additional PTH1R residues making
key Gb contacts are Thr-478 and Leu-481 (Figures 2B and 3).
Table 1. X-RayDataCollection andRefinement Statistics for PDB
ID 2QNS
Data Collection
Space group I222
Number of molecules per asymmetric unit 1
Unit cell dimensions
a, b, c (A˚) 63.2, 112.9, 141.5
a, b, g () 90, 90, 90
Wavelength (A˚) 1.54
Resolution (A˚) 503.0 (3.113.0)
Linear R factora 11.7 (38.6)
Square R factorb 5.8 (4.4)
Mean I/sc 14.6 (3.9)
Completeness (%) 95.7 (95.3)
Redundancy 3.2 (3.2)
Refinement
Resolution (A˚) 303.0 (3.11–3.0)
Number of reflections (working/test set) 9508/514
Rwork/Rfree (%)
d 23.8/26.1
Number of non-hydrogen atoms
Protein 3109
SO4 (molecules) 2
Water (molecules) 53
R.m.s. deviations
Bonds (A˚) 1.64
Angles () 0.0078
Average B factor 35.2
Ramachandran plot (% in region)
Most favored regions 88.0
Allowed regions 12.0
Disallowed regions 0.0
Numbers in parentheses pertain to the highest-resolution shell.
a Linear R = S(jI  <I>j)/S(I).
b Square R = S(jI  <I>j)2/S(I)2.
c <I/sI>, mean signal to noise, where I is the integrated intensity of a mea-
sured reflection, and sI is the estimated error in measurement.
dS(jFp  Fp(calc)j)/SFp, where Fp and Fp(calc) are the observed and calcu-
lated structure factor amplitudes, respectively. Rfree is calculated similarly
by using test set reflections never used during refinement.
CT
ED, 1086–1094, July 2008 ª2008 Elsevier Ltd All rights reserved 1087
Structure
Structure of the PTH1R C Terminus Bound to Gb1g2Validation of the Gb1g2/PTH1R Interface
by Mutagenesis and Functional Studies
To confirm the binding interface seen in the crystal structure,
specifically with respect to the involvement of Trp-474 and
Trp-477 (Figure 4A), we tested the ability of Gb1g2 to bind a
predicted loss-of-function, alanine-mutated peptide: W474A/
W477A. Gb1g2 binding to this alanine-mutated peptide was dra-
matically reduced compared to wild-type peptide (Figure 4B),
confirming the critical nature of these residues to Gbg binding.
Mutation of these two critical tryptophan residues that contact
Gb1 was previously shown to abolish PTH-stimulated inositol
phosphate accumulation (Mahon et al., 2006). To further validate
the model of the Gb1g2/PTH1R contact surface, we also per-
formed whole-cell inositol phosphate accumulation assays to
assess PTH1R-mediated activation of phospholipase C via
Gbg. These experiments employed a Gb1 construct in which
3 residues of the PTH1R-binding interface were mutated to
Figure 2. Crystal Structure of the Gb1g2/
PTH1R Peptide Complex: PDB ID 2QNS
(A) The overall structure represented in two angu-
lar depictions; the Gb1g2 dimer is green and
orange, and the ordered residues of the PTH1R
C-tail peptide (474WSRWTLAL481) are depicted
as black sticks in standard CPK coloring. Both
illustrations show Gb1g2 positioned top-to-bottom
in its predicted membrane-bound orientation, al-
lowing it to bind receptor (e.g., the normally isopre-
nylated C-terminal tail of Gg2 is pointing upward).
(B) Close-up view of the Gb1g2/PTH1R peptide
interface illustrating key residues making contacts
between peptide and the Gb1 subunit. Coloring is
as (A), except that the WD1 and WD7 repeats of
Gb1 are magenta and teal, respectively.
alanine: Gb1 residues T47, K337, and
W339 (Figure 5A). This triple-alanine Gb1
mutant is expressed well in cellular co-
transfection with Gg2, but it is unable to
interact with biotinylated PTH1R C-tail
peptide in pull-down experiments (Fig-
ure 5B), in contrast to wild-type Gb1. Cells
cotransfected with expression vectors for
full-length PTH1R and wild-type Gb1g2
showed an enhanced response to the
PTH1R agonist, PTH(1–34) peptide, com-
pared to cells transfected with receptor
cDNA alone (Figure 6A). This enhanced
agonist response likely occurs due to
the transfected Gb1g2 increasing the
pool of G-protein heterotrimer available
to activated receptor. In contrast, cells
cotransfected with PTH1R and alanine-
mutated Gb1g2(TKW > A) failed to elicit
a response above that of receptor alone
(Figure 6A), suggesting that these three
mutations within Gb1 indeed abolish
proper receptor coupling and activation.
This lack of a Gb1g2(TKW > A)-mediated
increase was not due to the inability of
the mutant Gbg to stimulate inositol phosphate production, as
the Gb1g2(TKW > A) dimer was equally competent as wild-
type to stimulate overexpressed phospholipase-C (PLC)-b2 un-
der agonist-independent conditions (Figure 6B), confirming that
the alanine mutations do not compromise the effector-binding
site of Gbg that is typically centralized to the pore region of
the Gb toroid, as described by several crystal structures and
mutagenesis studies (Figure 7). Overall, these results suggest
that the Gb1 surface contacting the PTH1R C-tail peptide in
the Gb1g2/PTH1R crystal structure is important for PTH1 recep-
tor coupling to Gbg.
DISCUSSION
Of the 9 Gb1 residues contacting the PTH1R peptide (Figure 3), 8
are identical and 1 is conserved (Lys-337 in Gb1–3 versus Arg-
337 in Gb4) among Gb1–4 isoforms. Thus, we speculate that the
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Structure of the PTH1R C Terminus Bound to Gb1g2Figure 3. Mapping of PTH1R C-Terminal Tail Contacts onto the Gb1 Primary and Secondary Structure
(A) Primary sequence alignment and secondary structure features of the human Gb subunit family comprising Gb1 through Gb5. Secondary structure assignment
(a helices as bars; b strands as arrows) and ruler numbering (every tenth residue is highlighted by a vertical line) are derived from the Gb1 structure within PDB ID
1TBG; the four b strands that comprise each of the seven WD-repeat segments of Gb subunits are color coded to match the tertiary structure representation of
Gb1 in Figure 2B. Residues in Gb1 that contact PTH1R C-tail residues are highlighted by callouts to particular PTH1R amino acids numbered according to the
full-length receptor sequence (SwissProt ID P25961). Residues in Gb1 that contact Gg or the switch regions of Ga$GDP are marked with gray or green dots,
respectively, above the ruler line; additional contacts with Ga are marked with blue dots.
(B) Table of observed contacts (and contact type) between the PTH1R C-tail peptide and Gb1 as found in PDB ID 2QNS.TR
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DGb1/PTH1R interface herein described may represent a contact
site for additional GPCRs among these four Gb subunits. Recep-
tor-specific contacts may be afforded by additional Gb- as well
as Gg-binding sites (Azpiazu and Gautam, 2001; Hou et al.,
2001). Comparing all Gb1–5 isoforms reveals less sequence iden-
tity in PTH1R contact points (5 of 9), including a particular non-
conservative change (Gln-44 in Gb1–4 versus Val-44 in Gb5) ren-
dering Gb5 less likely to support hydrogen bonds from Thr-478
and Leu-481 at this position. Moreover, the Gb5 subunit has
been previously characterized as a noncanonical Gb that dimer-
izes with GGL domains of RGS proteins rather than with tradi-
tional, isolated Gg subunits (Sondek and Siderovski, 2001). In
SPR experiments similar to those illustrated in Figure 1, a purified
Gb5/RGS9 dimer (Cheever et al., 2008) failed to interact with the
PTH1 receptor peptide (data not shown). These results, how-
ever, do not exclude an interaction of the Gb5/RGS9 dimer
with a similar region of other receptors and/or distinct region(s)
of specific receptors.
REStructure 16Our previous results with the D2-dopamine receptor ic3 loop
peptide provided a high-resolution glimpse of the molecular
determinants for a receptor/Ga contact site critical for G-protein
activation (Johnston and Siderovski, 2007b). The present
Gb1g2/PTH1R structure now adds a parallel high-resolution de-
scription of the structural basis of a receptor/Gbg contact site.
As the structure of a complete GPCR/Gabg complex remains
elusive, these individual ‘‘snapshots’’ together help shape our
understanding of how receptors directly engage heterotrimeric
G proteins. Indeed, in model renderings of the receptor/Gabg
complex based in part on our current findings (Figure 8), a mono-
meric GPCR is seen to lack the ability to simultaneously accom-
modate both the Gai1/D2N and Gb1g2/PTH1R interactions,
whereas a dimeric GPCR is seen to accommodate both struc-
tural constraints. Although receptor dimerization is considered
by many to be a crucial step in receptor-mediated G-protein ac-
tivation (George et al., 2002; Prinster et al., 2005), several recent
studies have indicated that a monomeric GPCR can serve as the, 1086–1094, July 2008 ª2008 Elsevier Ltd All rights reserved 1089
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Structure of the PTH1R C Terminus Bound to Gb1g2minimal functional unit for efficient G-protein activation (Bayburt
et al., 2007; Ernst et al., 2007; White et al., 2007; Whorton et al.,
2007). Interestingly, the particular study by Bayburt et al. (2007)
demonstrated that isolated receptor dimers can only couple ef-
ficiently to a single G-protein heterotrimer. Thus, whereas a mo-
nomeric receptor can stimulate nucleotide exchange, the overall
receptor/Gabg interaction may be more multifaceted. Further
pursuit of additional receptor/Ga and receptor/Gbg complexes
will undoubtedly help complete and refine our current view of
the receptor/Gabg complex.
One prevailing model of receptor-mediated G-protein activa-
tion evokes a direct role of Gbg in suggesting that receptors
use the Gbg subunit as a ‘‘lever’’ to create a GDP exit route
from the Ga subunit (Johnston and Siderovski, 2007b; Johnston
et al., 2005; Rondard et al., 2001). We speculate that the Gb1g2/
PTH1R interaction may represent a direct contact site exploited
by an activated receptor to induce such allosteric conformational
changes at the Ga/Gbg interface (e.g., the b3/a2 loop) that allow
for enhanced GDP release. Our results with the Gb1(TKW > A)
Figure 4. Validation of the Gb1g2/PTH1R Peptide Interface by PTH1R
Mutational Analysis
(A) Tryptophans W474 and W477 of PTH1R (transparent space-filling spheres)
are predicted to make critical Gb1 contacts, with W477 packing extensively
onto the surface of both WD1 and WD7 blades; mutation to alanine (yellow
sticks) is predicted to destroy these interactions. Gb1g2 is depicted in Ca
ribbon trace and is colored as in Figure 2.
(B) Biotinylated wild-type (wt) and double tryptophan-to-alanine mutant
(WW > A) PTH1R peptides were immobilized on separate streptavidin SPR bio-
sensor surfaces, and 1 mM Gb1g2 dimer was subsequently injected over both
flow cells simultaneously. Binding to a negative control peptide surface of
similar density was subtracted from each sensorgram as described in
Experimental Procedures.
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ability to couple receptor to its proper agonist-mediated re-
sponse, are suggestive of this scenario that places Gbg connec-
tivity with the receptor C tail directly in the path of receptor-me-
diated G-protein activation. However, we cannot yet exclude the
alternative possibility that the lack of response observed with the
Gb1(TKW > A) mutant is due to improper receptor coupling with
heterotrimer, irrespective of the actual nucleotide exchange
event. Nevertheless, the Gb1g2/PTH1R C-tail interaction de-
scribed herein undoubtedly represents a critical site for heterotri-
meric G-protein coupling to the PTH1 receptor and, perhaps,
serves as a site of action through which the agonist-activated
receptor ultimately achieves guanine nucleotide exchange.
Figure 5. Examination of the Gb1g2/PTH1R Peptide Interface by Gb1
Mutational Analysis
(A) Electron density representation of the final Gb1g2/PTH1R dimer model
highlighting Gb1 residues Thr-47, Lys-337, and Trp-339. Experimental electron
density for the PTH1R C-tail peptide bound to Gb1g2 shown as a 2Fo  Fc sim-
ulated annealing composite omit map contoured at 1s (electron density shown
as a blue cage). The Gb1g2/PTH1R dimer model is depicted in a similar orien-
tation to that shown in Figure 2B; the Gb1 is shown in yellow backbone,
whereas the PTH1R C-tail peptide is green. The three key amino acids within
Gb1 that contact Trp-477 of the PTH1R peptide (and mutated to alanine in
model validation studies) are labeled with yellow text; key contact residues
of the PTH1R peptide (Trp-477, Thr-478) are labeled with green text. Ordered
waters are highlighted with red asterisks. This image was generated in Coot.
(B) COS-7 cells were transfected with expression vectors for Gg2 and either
wild-type Gb1 (wt) or Gb1 in which residues Thr-47, Lys-337, and Trp-339
were mutated to alanine (TKW > A); both Gb1 constructs harbored an N-termi-
nal myc-epitope sequence. Resultant cell lysates were probed by immuno-
blotting (IB) with anti-myc antibody to assess Gb1 expression levels (left panel)
or were precipitated (PD) with the indicated biotinylated peptides and strepta-
vidin beads prior to anti-myc immunoblotting (right panel).
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Structure of the PTH1R C Terminus Bound to Gb1g2EXPERIMENTAL PROCEDURES
Materials
Rat PTH1R C-terminal peptides (466VQAEIRKSWSRWTLALDFKRKA487), with
and without N-terminal biotinylation, were separately synthesized by Fmoc
protection and were purified via HPLC by the Tufts University Core Facility;
the negative control biotinylated peptide mNotch has previously been de-
scribed (Snow et al., 2002). Expression vectors for myc-tagged, wild-type
Gb1 and HA-tagged Gg2 were obtained as previously described (Snow
et al., 1999); the TKW > A triple mutant of Gb1 was generated by Quickchange
PCR-based site-directed mutagenesis (Stratagene; La Jolla, CA) and was se-
quence verified before use. Unless otherwise noted, all other materials were
purchased from Sigma Aldrich (St. Louis, MO).
Gb1g2 Purification
High 5 insect cells (Invitrogen), at a density of 2 3 106 cells/ml, were coin-
fected with high-titer baculoviruses encoding human Gb1 and Gg2 (the latter
with a hexahistidine N terminus). An additional modification was made to the
Figure 6. Validation of the Gb1g2/PTH1-Receptor Interface by Gb1
Mutational Analysis and Cellular Assessment of Receptor Coupling
to Effector Activation
(A) COS-7 cells were transfected with human PTH1 receptor cDNA and either
empty pcDNA3.1 (Control), wild-type Gb1 and Gg2 (wt), or wild-type Gg2 along
with triple-alanine-substituted Gb1 (T46/K337/W339; ‘‘TKW > A’’). Inositol
phosphate accumulation from endogenous phospholipase-C (PLC) activity
was then measured under basal or agonist-stimulated (PTH(1–34)) conditions
as described in Experimental Procedures. Error bars denote standard error of
the mean (n = 3).
(B) COS-7 cells were transfected with either wild-type Gb1 and Gg2 vectors (wt)
or wild-type Gg2 along with triple-alanine-substituted Gb1 (TKW > A), in com-
bination with empty pcDNA3.1 vector (Control) or PLC-b2 expression vector
(+PLC-b2). Inositol phosphate accumulation was then measured in the pres-
ence of 10 mM LiCl, but in the absence of any agonist stimulation. Error
bars denote standard error of the mean (n = 3).
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cysteine-to-serine mutation inactivates the CAAX motif normally found at the
C terminus of Gg subunits and responsible for isoprenylation that is critical
to Gbg membrane targeting; in the absence of a functional CAAX motif, the
Gb1g2(C68S) dimer is expressed and purified as soluble, cytosolic protein
from insect cell expression. Infections were carried out at 27C for 50 hr. Cells
were harvested by centrifugation at 2000 3 g for 20 min at 4C. Cell pellets
were resuspended in N1 buffer (20 mM HEPES [pH 8.0], 300 mM NaCl, 1 mM
EDTA, 5% glycerol, 20 mM imidazole, 1% cholate, protease inhibitor cocktail),
lysed in an Avestin Emulsiflex, and clarified by ultracentrifugation (45,000 3 g
for 1 hr). Although the C68S-modified Gb1g2 dimer is not predicted to be mem-
brane tethered, we routinely included 1% cholate in the initial N1 buffer to help
prevent nonspecific protein adherence to the NiNTA column, yielding higher
purity after this initial chromatography step. The Gb1g2 dimer was then purified
by using sequential Ni-NTA affinity, ion-exchange, and gel-exclusion chroma-
tographies by using previously described techniques (Johnston et al., 2005).
Protein was concentrated to 9 mg/ml in 20 mM HEPES (pH 8.0), 1 mM
EDTA, 2 mM DTT, and 50 mM NaCl by using YM-30 Centricon concentrators
(Millipore).
Surface Plasmon Resonance
Surface plasmon resonance (SPR) analyses were carried out at 25C on a BIA-
core 3000. N-terminally biotinylated peptides (diluted to 0.5 mg/ml in BIA buffer
[10 mM HEPES (pH 7.4), 150 mM NaCl, 1 mM EDTA, 0.005% NP-40]) were
coupled to separate flow cells of a streptavidin biosensor (Biacore) to surface
densities of 1000 resonance units. Gb1g2 (30 ml) was then injected simulta-
neously over flow cells at 10 ml/min, followed by a 300 s dissociation phase.
Binding to a non-Gbg-interacting peptide (biotin-mNOTCH) (Johnston et al.,
2005) was subtracted from all binding curves to correct for nonspecific binding
and bulk buffer shifts. Surfaces were regenerated after each Gb1g2 injection
with a single 10 ml pulse of 0.5 M NaCl/0.025 M NaOH at 20 ml/min. Kinetic
analyses were made by using BIAevaluation v3.0. Dissociation constants
(KD values) were calculated from sensorgrams by using the simultaneous
association (kA) and dissociation (kD) analysis parameter.
Structure Determination
Initial crystals of Gb1g2 in complex with the PTH1R peptide were obtained by
vapor diffusion in condition #39 of Crystal Screen I (Hampton Research). Op-
timized crystals were obtained in hanging drops (7 ml) containing a 1:1 (v/v) ra-
tio of protein (9 mg/ml Gb1g2 with 2-fold molar excess of PTH1R peptide) and
well solution (1.9 M ammonium sulfate, 2.5% PEG-400, 0.1 M HEPES [pH 6.8–
7.0]). Crystals formed within 7 days and grew for 2–3 weeks to maximum di-
mensions (250 3 50 3 50 mm). For data collection at 100K, a single crystal
was transferred to cryoprotectant buffer (well solution supplemented with
15% glycerol) for 30 s prior to immersion in liquid nitrogen. A native data set
was collected at the University of North Carolina at Chapel Hill by using a
Rigaku R-Axis-IV++ detector with a rotating anode generator and Osmic Blue
confocal optics. Diffraction data were scaled and indexed with HKL2000
(Otwinowski, 1993). Crystals belong to space group I222 with cell dimensions
of a = 63.26 A˚, b = 112.92 A˚, c = 141.48 A˚, and a = b = g = 90. Although the
crystal diffracted to 2.4 A˚, data were manually truncated to 3.0 A˚ due to un-
usually high Rmerge values at higher-resolution data bins. The Gb1g2/PTH1R
structure (PDB ID: 2QNS) was solved by molecular replacement (AMoRe) (Nav-
aza, 1994) by using the structure of Gb1g2 (PDB ID: 1GP2) with all non-protein
atoms and Gai1 removed. Model building and refinement (including real space,
rigid body, simulated annealing, energy minimization, and B factor protocols)
were carried out by using Coot (Emsley and Cowtan, 2004) and CNS (Brunger
et al., 1998). Unless otherwise noted, all structural images were made by using
PyMol (DeLano Scientific; San Francisco, CA).
Cellular Assays
For Gb1g2 pull-down assays, COS-7 cells were grown in 6-well dishes and
transfected with pcDNA3.1-based DNA expression vectors encoding wild-
type or mutated myc-tagged Gb1 (or empty vector control) plus HA-tagged
Gg2 in a 1:1 ratio (total 1.5 mg DNA plus 4.5 ml Fugene-6 per well). After
48 hr, two wells per condition were lysed by sonication in 2.1 ml lysis buffer
(20 mM Tris [pH 7.5], 100 mM NaCl, 1 mM MgCl2, 1 mM EGTA, 1% Triton
X-100, 0.01% SDS, and complete protease inhibitors [Roche]). Samples
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Structure of the PTH1R C Terminus Bound to Gb1g2were then centrifuged for 10 min at 16,300 3 g before the top 1 ml of the
supernatant was removed and incubated with 2.5 mg of either biotinylated-
PTH1R C-tail or -mNotch control peptide overnight at 4C. A total of 120 mg
streptavidin-agarose beads (Sigma; preblocked with 50 mg/ml BSA in lysis
buffer) was then incubated with the lysate/peptide mixture for 1 hr prior to
application to a Micro Bio-Spin chromatography column (BioRad) and was
washed four times with lysis buffer before elution in 2.53 Laemmli protein sam-
ple buffer. Precipitated samples, and aliquots of lysate input, were resolved on
SDS-PAGE for anti-myc immunoblotting by using previously described tech-
niques (Snow et al., 1999). For inositol phosphate accumulation assays,
COS-7 cells were grown in 12-well dishes and transfected with expression
vectors encoding human PTH1 receptor, myc-tagged Gb1, and HA-tagged
Gg2 in a 1:2:2 ratio (total 1 mg DNA plus 3 ml Fugene-6 per well). To examine
exogenous PLC-b2 stimulation, cells were transfected with 200 ng human
PLC-b2 expression vector. After 24 hr, cells were treated with [
3H]inositol
(1 mCi per well) in serum- and inositol-free DMEM and were incubated over-
night. Cells were then treated with the PTH(1–34) peptide agonist (100 nM) in
the presence of LiCl (10 mM) for 15 min at 37C. Accumulation of [3H]inositol
phosphates was then analyzed as described (Hains et al., 2006).
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